When the cell wall of Bacillus subtilis is removed by lysozyme and the resultant protoplasts are plated on hypertonic soft agar medium, each protoplast forms an L colony. L bodies from such L colonies again plate as L-colony-forming units (CFU). However, if protoplasts or L bodies are "conditioned" by 1 h of incubation in 0.4% casein hydrolysate medium and then incubated in 25% gelatin medium for 1 h, 60 to 100% of the formerly naked cells give rise to bacillary colonies. The present experiments largely explain the mechanism responsible for the "heritable" persistence of the wall-less state in B. subtilis. It is shown that protoplasts produce a reversion inhibitory factor (RIF) which blocks reversion when the cell concentration exceeds 5 x 105 CFU/ml. This inhibitor is nondialyzable and sensitive to trypsin, heat, and detergent. Efficient reversion at 2 x 107 CFU/ml is obtained if the protoplasts are treated with trypsin after conditioning and chloramphenicol is incorporated into the gelatin reversion medium. In the presence of 500 ,ug of trypsin per ml, the requirement for gelatin is sharply reduced, and reversion occurs rapidly in liquid medium containing only 10% gelatin. Trypsin also stimulates reversion in L colonies growing on soft agar. Latent RIF is activated by ,3-mercaptoethanol. This reagent blocks reversion of protoplast suspensions at densities of 5 x 105 CFU/ ml. Comparison of the autolytic behavior ofB. subtilis and of the RIF revealed that several of the properties ofthe two activities coincide: both are inhibited by high concentrations of gelatin, both are activated by (3-mercaptoethanol, and both have high affinity for cell wall. Going on the assumption that REF is autolysin, models for protoplast reversion and L-form stability are proposed. A role of teichoic acid in reversion is suggested by the finding that mutants with altered teichoic acid show altered reversion behavior.
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When the cell wall is removed from Bacillus subtilis with lysozyme and the resultant protoplasts are plated on hypertonic soft-agar medium, each protoplast gives rise to an L colony consisting of wall-less, irregularly shaped L bodies (16, 24) . L bodies from suspended L colonies again give rise to L colonies in further platings (16) . Thus, a brief transient enzyme treatment produces an alteration in each member of the treated population-namely, walllessness-which is then passed on "heritably" through an indefinite number of cell generations. We have called these naked offspring "mass conversion stable L forms" (13) to underline the distinction between these L forms and certain kinds of gene mutants blocked in peptidoglycan or peptidoglycan precursor biosynthesis, which are also sometimes called stable L forms (see, for instance, 28). We are quite certain that the persistent change induced in mass Present address: Department of Human Genetics, Yale University School of Medicine, New Haven, CT 06510. conversion stable L forms does not entail loss or gain of deoxyribonucleic acid-encoded information: we have found that the lysozyme-induced change is completely reversible, namely, that each protoplast or L body can be induced to revert to the walled (bacillary) form. Thus, no "information" is lost during wall removal and growth in the L state.
All bacterial strains that have been examined experience difficulty in restarting new wall once all the old wall has been lost. This difficulty is manifested by the above-mentioned persistence of the naked state through successive replication cycles. This state is terminated by reversion. The probability of reversion is very different in different organisms. For example, Salmonella paratyphi B mass conversion stable L forms revert extremely rarely (13, 15) , whereas those ofBacillus megaterium multiply only briefly in the naked state before reverting (12, 13) . B. subtilis is intermediate in this respect: depending on the plating medium, the individual L colonies are overgrown in 2 to 20 days by spontaneous revertants within the L colonies (16) . The most effective method of inducing reversion in B. subtilis is to place the protoplasts or L bodies in 25% gelatin medium (16) . If appropriately "conditioned" beforehand, 60 to 100% of the protoplasts revert in the span of 1 h of incubation in gelatin (14) . Media containing 25% gelatin are also uniquely effective in stimulating reversion of streptococcal protoplasts (8) and yeast protoplasts. Previous work of this laboratory has concentrated on the transitions between the walled and wall-less states, i.e., commitment and reversion. Commitment is the event, during wall removal, that changes a cell from a bacillary colony-forming unit (B-CFU) to an L-colonyforming unit (L-CFU) (19) . In our experiments on commitment, we treated B. subtilis with 4 to 20 ,ug of lysozyme per ml for 40 min. This leaves part of the population at the "quasi-spheroplast" stage, a stage where the cells are osmotically sensitive and have assumed spherical shape, yet still possess wall residues clearly visible in the electron microscope. If quasispheroplasts are plated on hypertonic soft-agar medium, they give rise to bacillary colonies. However, ifthe wall growth inhibitor -methionine (7, 21 ) is added to the same medium, they give rise to L colonies (19, 25) . u-Methionine does not affect the outgrowth of bacilli into bacillary colonies, yet in quasi-spheroplasts this substance determines that wall repair does not occur and that future cell propagation proceeds in the naked state. The studies on commitment thus have revealed a feedback cycle: wall acts as primer for more wall. In quasispheroplasts, this cycle is broken by n-methionine.
Our earlier studies on gelatin-induced reversion, which set the stage for the present experiments, produced several important insights (14, 17) : it was found that reversion could be divided into three successive phases, steps 1, 2, and 3 (14) .
Step 3, recovery of osmotic resistance, is not pertinent here and will not be discussed.
Step 1 conditions protoplasts or L bodies so that wall synthesis in gelatin medium, step 2, occurs rapidly and synchronously.
Step 1 conditioning occurs during 60 to 90 min of incubation in media containing 0.4% acidhydrolyzed casein and tryptophan at protoplast concentrations of 10" L-CFU/ml. Protein or ribonucleic acid synthesis inhibitors prevent conditioning, whereas penicillin, cycloserine, or lysozyme do not affect it. Only naked cells respond to the conditioning treatment; bacilli receiving conditioning treatment and then stripped of their wall do not revert readily (14) . We do not know what changes are brought about in the protoplasts by conditioning that potentiate reversion in step 2; we do know that macromolecular metabolism and metabolic pool levels are different in conditioned protoplasts from both bacilli and unconditioned protoplasts (DeCastro-Costa and Landman, unpublished data).
Step 2, the gelatin medium step, is not inhibited by chloramphenicol in well-conditioned protoplasts but is blocked by penicillin, cycloserine, and lysozyme (14) . Further, electron microscope studies ofB. subtilis reverting in gelatin medium have shown that wall deposition occurs during this step (17) . We have concluded that wall synthesis is a chieffeature of step 2.
Reversion during step 2 occurred efficiently at low protoplast concentrations but was delayed for several hours at higher cell concentrations. To study the chemical events of cell wall initiation in synchronously reverting cells in this system would require the recovery of fragile cells from very dilute suspensions and from many liters of (radioactive, sticky) 25% gelatin media. In an attempt to bypass these problems, the present studies on the reversion inhibition phenomenon were initiated.
( (i) Stock salts. Stock salts contained 2 g of (NH4)2SO4, 14 g of K2HPO4, 6 g of KH2PO4, and 1 g of sodium citrate* 2H20 in 700 ml of water.
(ii) SLl medium. SL1 medium for liquid growth of bacteria contained, per liter, 700 ml of stock salts, 20 ml of 25% glucose, 4 ml of 5% casein hydrolysate (acid), 10 ml of 2% MgSO4-7H20, and 3 ml of 1% tryptophan (16) .
(iii) DF-PC. DF-PC, an osmotically stabilized dilution fluid, was made by mixing 700 ml of stock salts, 300 ml of 2.5 M sucrose, and 10 ml of 1 M MgC12-(iv) PC. PC, the liquid medium for protoplasting and conditioning was modified from SFL3 medium (14) . It contained 700 ml of stock salts, 300 ml of 2.5 M sucrose, 10 ml of 1 M MgCl2, 90 ml of 5% casein hydrolysate (acid), 8 ml of 1% tryptophan, and 20 ml of 25% glucose. Note that the ingredients make up to a final volume of 1,128 ml.
(v) GR. GR medium is the 25% gelatin medium used for reversion (17) . It was prepared just before use and kept at 38°C unless otherwise stated. Since batches of gelatin differ greatly and many are unusable for our purposes (five out of seven tested caused cell death or inhibited reversion), all our experiments were done with Baltimore Biological Laboratory (BBL) batches 204665 and J6DCHT. In each experiment only one batch was used.
(vi) SD-X. SD-X is the osmotically stabilized plating medium used for growth of both L forms and bacilli (modified form reference 14). It contained, per liter, 8 g of Noble agar (Difco), 20 g of BBL gelatin (only "good" batches were used, see above), 2 g of (NH4)2SO4, 3.5 g of K2HPO4, 1.5 g ofKH2PO4, 1 g of sodium citrate * 2H20, 1 g of MgCl2, 140 g of sodium succinate (0.5 M, pH 7.4), 5 g of glucose, and 0.03 g of L-tryptophan.
Chemicals. Chloramphenicol was a gift of Parke, Davis and Co.; lysozyme (salt-free) was purchased from Worthington Biochemicals Corp.; trypsin (2x crystalline) was from Nutritional Biochemicals Corp.; Pronase (B grade) was from Calbiochem.; Triton X-100 was from Packard Instruments; and polystyrene latex spheres were from Ernest F. Fullam Inc. (Schenectady, N.Y.).
Growth of cells. Each experiment was performed with cells in midlogarithmic phase. Spores were inoculated onto SD-X plates and incubated overnight at 37°C. The cells were then suspended in prewarmed SL1 medium to a Klett reading of about 30 (blue filter no. 42, Klett-Summerson colorimeter) and grown at 37°C until the turbidity reached a Klett reading of 75 to 90 (108 to 2 x 108 CFU/ml). The cells were spun down, suspended in a small volume of DF-PC, frozen in a dry ice-acetone mixture for 10 min, and stored at -80°C.
To make viable counts of bacilli or protoplasts, the cells were diluted in DF-PC and plated on SD-X medium. Incubation was at 30°C for 2 days for bacillary colonies and for 3 days for L colonies.
Protoplasting, conditioning, and reversion. The methods used were modifications of earlier ones (14) . At the start of each reversion experiment, frozen cells were thawed, diluted in PC to a concentration of 108 to 2 x 108/ml, and rejuvenated by 15 min of incubation on a rotatory shaker at 37°C. The cells were then protoplasted by adding lysozyme to a final concentration of 250 ,ug/ml and incubating statically in a very shallow layer in a 35°C water bath for 90 min. Next, the protoplasts were centrifuged at 12,000 x g for 10 min at room temperature, washed once or twice with DF-PC, and suspended in this fluid at a convenient concentration. Protoplasts prepared in this manner were "conditioned." Conditioning is referred to as "step 1" ofreversion (14) . Unconditioned protoplasts differed from conditioned ones in that they were protoplasted in PC medium lacking casein hydrolysate. After protoplasting-conditioning, the viable count (in L-CFU) was 100 to 150% of the original viable count (in B-CFU). This is due to the fact that some rods contain two or more cells. To induce reversion to the bacillary (walled) state, an inoculum of 0.05 ml of conditioned protoplasts was added to a small test tube containing 1 ml of freshly prepared (25% gelatin) GR medium at 38°C. Supplements were added to the GR medium before the cells. The protoplasts were dispersed in the viscous GR medium by vortexing for 2 to 3 s or by stirring with a wire loop. After 1 h of incubation at 38°C, the mixture was diluted in DF-PC and plated on SD-X medium. The phase of reversion that proceeds in gelatin medium is called step 2 (14) . The percentage of reversion was the ratio of [B-CFU/(B-CFU + L-CFU)I x 100. Occasionally, viable counts were lower after incubation. This seemed to be due to clumping rather than cell death.
Preparation of cell walls. Two types of wall preparations were made: walls retaining autolytic activity and walls largely freed of autolysin by treatment with sodium lauryl sulfate. Both preparations were made following the procedures of Forsberg and Ward (5), using cells from the midlogarithmic phase of growth.
Determination of amidase content of cell walls. The amidase content of the cell wall preparations was determined by the method of Forsberg and Ward (5) .
RESULTS
Inhibition of reversion at high cell densities. The reversion of conditioned protoplasts in 25% gelatin media is a cell density-dependent phenomenon (17) . Extensive reversion occurs within the first hour of incubation only at cell densities below 106/ml; at 107/ml no reversion is observed (Fig. 1) . Extending the time of incubation does not solve the problem since the protoplasts begin to lose viability after 3 h in gelatin reversion medium at 380C.
The density-dependent reversion inhibition Effect ofcell concentration on reversion inhibition. Conditioned protoplasts were washed twice and inoculated into 25% gelatin medium at 38°C at various cell concentrations. After 1 h of incubation, samples were plated on SD-X medium for assay of reversion. might be attributable to a variety of causes, including depletion of a nutrient, release of a reversion inhibitor, or inhibition because of physical contact between cells. This latter possibility was suggested by the observation that the protoplasts tended to clump at higher cell densities. However, it was soon eliminated when we found that vortexing prevented clumping but did not affect reversion and that the presence of 0.5-to 2-gm-diameter polystyrene spheres at densities of 106 to 108/ml also had no effect. Since reversion inhibition occurs at very low cell densities, far below the concentration level where nutrient depletion normally occurs, we considered this explanation of reversion inhibition a very unlikely one.
To explore the inhibitor hypothesis, we prepared lysates equivalent to concentrations of 2 x 109 protoplasts/ml by lysing protoplast pellets for 15 (RIF) to trypsin suggested that it might be possible to destroy the diffusing inhibitor molecules on the way to their target cells. Fortunately, B. subtilis protoplasts proved to be quite insensitive to trypsin (Fig. 2) . The presence of trypsin in the gelatin reversion medium greatly stimulated reversion at the higher protoplast concentrations (Fig. 2) . Thus, at 107 CFU/ml, 600 lAg of trypsin per ml permitted 60% of the protoplasts to revert, whereas reversion in the absence of trypsin was only 4% at this cell concentration.
The stimulation of reversion attainable in this system by trypsin is presumably limited by the extreme sensitivity of the cells to the reversion inhibitor an,d also, we think, because much of the trypsin is bound to the gelatin. A more effective way of eliminating the reversion inhibitor from the system is to use a combination of measures: to treat the protoplasts with tryp- (14) . hence, the stimulatory effect of the trypsin pretreatment must mean that the RIF removed by the protease had been associated with the protoplast surface. Activation of the RIF by ,B-mercaptoethanol. The diffusing inhibitor hypothesis raises an important conceptual question: how can a source cell release a "cloud" of inhibitor molecules which prevent wall synthesis at a target cell about 44 cell radii distant from the source cell and yet not be prevented itselffrom reverting? (At a cell concentration of 107 CFU/ml, a protoplast ofradius 1 j,m and volume ofapproximately 4 ,em3 is an average of about 44 pm distant from its neighbor protoplasts. Molecules of the RIF contained in the 4-,um3 sphere are diluted by a factor of approximately 90,000 when they are evenly distributed throughout a sphere of 44-um3 radius.) A solution to this puzzle was that the source cell was perhaps releasing the RIF in an inactive form and that the factor became activated only after it had gained enough distance from its source cell so that a buildup of active inhibitor near its surface was avoided. Attempting to find experimental evidence for activation, we tested the effect of /3-mercaptoethanol, an activator for many reactions involving sulfhydryl groups. Marked inhibition of reversion by fl-mercaptoethanol was observed, presumably due to activation of the RDF (Table 2, lines 5-8). As one would predict, the ,B-mercaptoethanol effect was least evident in cells that had been most effectively "cleansed" of RIF by the dual treatment with trypsin and chloramphenicol (cf. lines 4 and 8, Table 2 ). In singly treated cells, the effect of mercaptoethanol treatment was considerable (cf. lines 3 and 7, 2 and 6 of Table   2 ).
If the RIF is indeed produced in an inactive form that can be activated by P3-mercaptoethanol, it is predicted that P-mercaptoethanol would block reversion ofindividual source cells, (Table 3) . Requirement for gelation for reversion and its relation to the RIF. In earlier publications, it was reported that reversion occurred efficiently when the protoplasts were immobilized in special solid media, namely, 25% gelatin medium at 26°C and 2 or 2.5% agar (4, 13, 16, 17) . Reversion was stimulated by membrane filters and by various autoclaved bacteria and yeast (3) . It was concluded that a physically solid surface was an important factor in the induction of reversion. Early in the present experimental series, it was discovered that well-conditioned protoplasts also revert efficiently if the gelatin medium is kept at 38°C, where the medium is viscously fluid. Attempts to obtain efficient reversion at lower gelatin concentrations were unsuccessful. Accordingly, reversion assays were routinely run in 25% gelatin media at 38°C.
After our discovery of the RIF, we reinvestigated the requirement for 25% gelatin under conditions where the inhibitor concentration was sharply reduced by trypsin. Results are shown in Table 4 . It is seen that in the presence of 500 gg of trypsin per ml, the gelatin requirement is very much lower, and that, in fact, reversion is better in 10% gelatin than in 25% gelatin. This difference could be explained if we assume that much of the trypsin is bound to gelatin in the 25% gelatin medium, and there- The cell concentration was 107 CFU/ml; the trypsin concentration was 500 ,ugiml; the temperature of incubation was 38°C.
fore less of it is available for the inactivation of the RIF. More recent experiments have shown that gelatin can be omitted altogether if the formation of new RIF is blocked by chloramphenicol (S. Fox and 0. E. Landman, unpublished data). The most important result is, of course, that the RIF is somehow responsible for the need for gelatin or other solid surfaces and that this need all but disappears when the RIF is inactivated. A simple explanation is that gelatin inhibits the RIF.
Nature of the RIF. We know from earlier electron microscope studies and studies with antibiotics and other inhibitors that the principal reversion activity occurring during step 2 is deposition of peptidoglycan wall (14, 17) . The RIF can therefore by assumed to be destroying either nascent peptidoglycan, intermediates, or enzymes involved in its synthesis.
There is now a fair amount of evidence to indicate that the RIF is identical to one or a combination of the cell's autolysins. This evidence is inherent in the finding, described below, that several of the properties of the RIF and the properties of autolysins are coincident.
In view of the above-mentioned results suggesting that gelatin might inhibit RIF activity, we tested the effect of various gelatin concentrations on the autolytic activity of isolated cell wall preparations. Table 5 shows that, in fact, a strong inhibition of autolytic activity was observed.
An intriguing property of the RIF demonstrated by our experiments is its ability to be activated by f3-mercaptoethanol. Seeking evidence for f8-mercaptoethanol activation of autolysin, we have carried out numerous experiments with autolysing intact cells and various cell wall preparations. Although the magnitude of the stimulatory effect was quite variable, 50
,ug of f-mercaptoethanol per ml consistently enhanced the initial rate of autolysis of intact cells at pH 7.0. A 10-M concentration of HgCl2 strongly inhibited autolysis of intact cells at pH 7.0. (The autolysin of several group H streptococci is activated by 18-mercaptoethanol [22] . ) Forsberg and Ward have reported that Nacetylmuramyl-L-alanine amidase, the main autolysin of B. licheniformis (and of B. subtilis), has a greater affinity for wall than it does for membrane. Protoplasts incubating in the presence of wall lost up to 50% of their amidase content (5) . In Table 6 we show the effect of the addition oflarge amounts ofexogenous cell wall on the reversion of B. subtilis protoplasts. Three cell wall preparations were used: walls containing the normal complement of associated autolysin, detergent-treated walls containing only about 22% as much autolysin, and detergent-treated, autoclaved walls containing no autolysin. This latter preparation stimulated reversion at all cell densities, even at 3 x 107 CFU/ml. This observation is readily explained by assuming that the RIF is being taken up by the autolysin-free cell wall, i.e., that the RIF's affinity properties are like those of amidase. The autolysin-charged walls (line 2) were presumably unable to take up diffusing RIF and instead provide some reversion inhibi- a Autolysin-containing cell walls (5) were incubated at 35°C in carbonate buffer (pH 9.5) with or without added gelatin, and the decline in optical density at 450 nm was monitored. Autolytic activity is given in lytic units per milligram of wall (5) . In experiments 3 and 4, samples were also run in the presence of 1,140 jig of f3-mercaptoethanol per ml. The f8-mercaptoethanol did not counteract the inhibitory effect of the gelatin.
b Concentration of gelatin.
tory activity of their own. The detergenttreated walls produced intermediate results.
In further attempts to delineate the relationship of the RIF to autolysin, the following experiment was performed. Detergent-treated walls were added to lysate, incubated for 10 min at 35°C, and then pelleted at 36,000 x g for 20 min at 2°C. The reversion-inhibiting activity of the supernatant and the autolytic activity of the pelleted walls (at pH 9.5) were then determined along with activities of the unreacted cell wall and lysate controls. The results showed that reversion inhibitor activity was partially removed by the walls and that the walls contained more autolytic activity after their sojourn in the lysate. For unknown reasons, the efficiency of adsorption was different in the different experiments.
Role of the RIF in preventing reversion in L colonies. Mass conversion stable L forms of B. subtilis can be maintained in the L state indefinitely through frequent successive transfers in osmotically stabilized soft-agar plating medium such as SD-X medium (13, 16) . Reversion in SD-X medium begins after 3 to 4 days of incubation at 300C. Characteristically, several L bodies start to make wall and their rapidly multiplying progeny overgrow the L colony. Reversion on 0.7% agar is different from reversion in gelatin: (i) conditioning is not discernibly involved in reversion on agar plates; (ii) reversion in soft-agar medium occurs in a few L bodies among a large population of replicating L bodies; (iii) n-methionine is an effective inhibitor of reversion in soft agar but not of reversion in gelatin (14); (iv) the 2% gelatin in soft-agar medium does not play a substantial role in agar reversion since this gelatin can be replaced by albumin (16) . In view of all these differences, it was of interest to determine whether evidence for a role of the RIF in the agar pathway of reversion could be discerned.
In the experiment shown in Table 7 , trypsin or Pronase was added to imbedded or spread protoplast inocula at 0 time and 17 h after inoculation. The effect of the proteases on re- a A 20-,ul portion of protease at the appropriate concentration, 10 ul of washed, conditioned protoplasts suspended in DF-PC, and 1 ml of SD-X medium kept at 55°C were mixed in each well of a Disposo Tray (Linbro Scientific Co.). After solidification, incubation was at 30°C. b A 1-ml amount of SD-X medium was allowed to solidify in each well. Then 20 ,ul of conditioned protoplasts suspended in DF-PC was spread on each agar surface; 20 ,u of protease at the appropriate concentration was added at the time of plating (0 time) or 17 h later. Incubation was at 30°C. the maintenance of stability of mass conversion stable L forms. The stimulatory effect oftrypsin upon reversion implies that the enzymes involved in polymerization and cross-linking of peptidoglycan (20, 27) at the outer-membrane surface must be insensitive or inaccessible to trypsin.
Comparative studies on the properties of the RIF and on wall and cellular autolysis of B. subtilis have shown that the properties of the two activities are similar and suggest that the RIF may be an autolysin. The idea that autolytic activity is at work during reversion is supported by recent studies of Elliott et al. (4) on the reversion of B. licheniformis on 2.5% agar medium. They observed that 30% of the newly formed peptidoglycan had accumulated in the "supernatant" agar in the form of short glycan chains. More than 50% of the fragments were deficient in peptide side chains. The authors concluded that both autolysins N-acetylmuramyl-L-alanine amidase and /-N-acetylglucosaminidase had been involved in the formation of the fragments (4). This new evidence of autolytic activity is consistent with the earlier finding of Forsberg and Ward (5) that protoplasts of B. licheniformis produce amidase and that the amidase is associated with the membrane.
Our data on inhibition of autolytic activity by gelatin at pH 9.5 and on the high affinity of the RIF for cell wall point to the principal autolysin of B. subtilis, the amidase, as the reversion inhibitor. However, participation by the glucosaminidase or by other lytic enzymes is certainly not ruled out.
Drawing, on the present experiments, our earlier publications, and the results of others, a model of L-form stability and protoplast reversion is presented below. This model is tentative: it is a picture consistent with the present experimental evidence, but certainly not the only such picture. Basically, the mechanism of stability is that once the cell wall is removed completely secretion of RIF (autolysin) prevents accumulation of the threshold level of crosslinked peptidoglycan necessary to set sustained wall synthesis in moti6n. Reversion occurs when the balance between the antagonistic processes of peptidoglycan extrusion from the membrane surface and peptidoglycan cleavage by autolysin shifts in favor of peptidoglycan accumulation. This shift can be accomplished by (i) increasing the rate of peptidoglycan synthesis and/or accretion, (ii) by lowering the quantity of the autolysin, or (iii) by lowering the activity of the autolysin at the cell surface.
How does the gelatin reversion procedure induce protoplasts to revert? Although direct evidence is lacking, we think it is reasonable to speculate that the first step, conditioning, is needed to bring the rates of synthesis and excretion of wall precursor in the protoplasts to a high level of efficiency. Once conditioned, the protoplasts produce peptidoglycan at a rapid rate, regardless of whether gelatin is present. This may be concluded from the finding that conditioned protoplasts can revert rapidly in liquid medium once the RIF is eliminated. Excretion of the peptidoglycan by protoplasts has previously been described in Streptococcus (23) and B. licheniformis (4) .
Since gelatin medium obviously has the effect of slowing diffusion, the quantity of autolysin accumulating near the source cell is increased by gelatin rather than decreased. However, as our experiments have shown, the activity of autolysin is sharply decreased by high gelatin concentrations and, as a result, the bal-VOL. 129, 1977 on July 3, 2017 by guest http://jb.asm.org/ Downloaded from ance is shifted toward peptidoglycan accumulation.
A poorly understood aspect of the gelatin reversion system is that source cells in dilute suspension are able to revert while excreting RIF. This RIF, we know, is effective in very low concentrations and, if it is activated prematurely by mercaptoethanol, reversion of the source cells is blocked. The fact that source cells can revert in the absence of mercaptoethanol suggests that activation of the RIF is delayed long enough to allow dilution (by diffusion) of the cloud of RIF near the source cell.
A mechanism that might be involved in maintaining RIF inactivated is suggested by recent publications on the interrelationship between lipoteichoic acid, autolysin, and wall teichoic acid (2, 10): it was found that the amidases of both pneumococcus and B. subtilis are inhibited by lipoteichoic acid fractions. It may well be that the inactive state of RIF that we observe is due to the formation of a RIF-lipoteichoic acid complex.
The important role played by wall teichoic acid in the regulation of autolytic activity was demonstrated several years ago (26) and has been further documented by recent in vitro experiments (9, 11) . Our finding of altered reversion behavior in the mutants gtaA, gtaB, and gtaC, which are defective in the glucosylation of their teichoic acid (29; Table 8 ), probably relates to this regulation of amidase activity by teichoic acid.
If our present hypotheses can be confirmed, many of the questions conceming the stability of the L state in B. subtilis and concerning reversion will have been resolved. However, some areas of substantial ignorance remain: we do not know the nature of the changes that must occur in the protoplasts during preincubation in casein hydrolysate to bring about the "conditioned" state. A survey of membrane proteins by sodium dodecyl sulfate-acrylamide gel analysis did not reveal any important differences between conditioned and nonconditioned protoplasts. However, comparative analysis of phosphorus-containing pool constituents in bacilli and conditioned and nonconditioned protoplasts indicate that the metabolism of conditioned protoplasts differs significantly from that of bacilli and nonconditioned protoplasts (M. R. DeCastro-Costa, Ph.D. thesis, Georgetown Univ., Washington, D.C., 1975). Earlier, indications of a difference between protoplast and bacillary metabolism were found by Bond, who observed that precursor flow through the diaminopimelic acid-lysine pathway was altered in protoplasts (E. C. Bond, Ph.D. thesis, Georgetown Univ., Washington, D.C., 1968).
